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A model integrated pathway to explore bioequivalence \

Use Population PK modelling to explore

« HOW to identify which products are bioequivalent after multiple-

dosing?
« WHETHER we need multiple-dosing?

« HOW risk can be reduced in BE testing through modelling?

.. deliberately radical to drive new thinking
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ORIGNAL RESEARCH ARTICLE Crﬂ'?wrmvﬂnn;

Paliperidone e
Palmitate \

Population Pharmacokinetics of Intramuscular

Paliperidone Palmitate in Patients with Schizophrenia

° We| | esta bl |Shed A Novel Once-Monthly, Long-Acting Formulation of an Atypical Antipsychotic
; Mahesh N. Samtani,' An Vermeulen® and Kim Stuyckens”
Population PK model - -
p 1 Clinical PFharmacology, Advanced PE-FD Modeling & Simulation, Johnson & Johnson Pharmaceutical Research & Dievelopment,

1 1 LLC, Raritan, New Jersey, USA
I n t h e | | te ra t u re 2 Clinical Fharmacology, Advanced PE-PD Modeling & Simulation, Johnson & Johnson Pharmaceutical Research & Dievelopment,

a Division of Janssen Pharmaceutica NV, Beerse, Belgium

« E.g.Samtani et al

Abstract Objectives: To characterize the population pharmacokinetics of paliperidone after intramuscular admin-
(2 O O 9) istration of its long-acting paimitate ester at various doses and at two different injection sites {deltoid and
-l 3-| 6870 ~ O O O O O O OO O ~ NONMEM® software. The full dataset was divided into an index dataset {model development) and a
validation dataset. After validation both the index and validation datasets were combined and the final

O O O O O maodel was re-run on the tull dataset.

Results: The concentm tion-time data for paliperidone following intramusoular administration of its palmitate
ester were best fitted toa one-compartment model with first-order elimination. The absorption component of
the model allowed a fraction of thedose (f;) to enterrelatively quickly into the central compartment via a zero-

ghiteal muscle).

Methods: The retrospective analysis included pooled data from | 795 subjects from six phase [ trials and five
phase 11 and 1l triak. A total of 18 5330 pharmacokinetic samples with valid concentration tmepoints were
available for this analysis. Monlinear mixed-ettects modelling of the pooled data was conducted using

order prcess. Aftera lag time, the remaining fraction then entered the systemic arculation via a first-order
process Intermdividual vaniability {11V} in clearance (L), central wolume of distribution (V) and the ab-
sorption rate constant (k) were estimated at a 40%, 69% and 59% coctficient of variation (CV), respectively.
The 11V on t; tor paliperidone absorption via the dua-input process was fitted through logit transformation,
and its standard deviation { 8D was 0.064. Similarly, the interoccagon variahility { KV jon CL, ¥V, and t;was
26% CV, 14% CV and (.07 5D, respactively. An additive-error model with log-transformed data was used to
describe the residual variability (RV), and its 51D was (.22, The final covariate model indicated that the
following variables had a significant influence on k,; sex, age, mjection volume (IVOL) and injection site
{Im05). Similarly, the followng variables had a significant nfluence on {3 sex, body mass index (BMI), neadle
length (NIDLL), INJS and IVOL. In addition, CL was related to creatinine clearance (CLeg), whereas Vywas
related to BMI and =sex.

Conclusions: A dualabsorption pharmacokinetic model best described the complex pharmacolanetics of
paliperidone after intramuscular administration of its palmitate ester. These results suggest that the phar-
macokinetics of paliperidone palmitate are mostly influenced by BM I, CLg, INJS, IVOL and NDLL.

Background comes. 4 In part, to address this problem, sustained-release
intramuscular formulations of older “typical” antipsychotics,

Atypical antipsychotic agents represent a treatment option  such as haloperidol and fluphenazine, were developed.

SEDA

Pharmaceutical Development Services

A model integrated pathway to explore
biocequivalence of LAl products

for many patients with schizophrenia ' Compliance with oral
antipsychotic medications is particolarly problkematic for pa-
tients with schizophrenia and @n correate with poor out-

Paliperidone (9-hydroxy-risperidone) is an atypical antipsy-
chotic agent and is the major active metabolite of risperidone
with a receptor-binding profile similar to that of risperidone.
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What is a population PK model? \
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Mathematical
model \

« Onecompartment model
with linear absorption and
linear elimination

* 5 parameters:

Volume V

Clearance Cl
Absorption rate ka
Dose fraction F,
Duration D/ Time lag

First order input

Dose fraction (1-F,)
Time Lag T,
\

‘----\

Tlag

\\\

’.\~“~}

N
N
t:.\_,
Input Duration D, Absorption rate
constant ka

Zero order input Central Compartment

Dose fraction F, Volume V
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Clearance Cl

Elimination
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First order input

Mathematical
mriogEl !

« Onecompartment model
with linear absorption and
linear elimination

Zero order input Central Compartment

Dose fraction F, Volume V

* 5 parameters:
« VolumeV
» Clearance Cli
» Absorption rate ka Elimination
* Dose fraction F,
« Duration D/ Time lag

301
Tlag

Amount released (%)

;h—ﬂag

Services

’ 10 20
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Mathematical
model \

« Onecompartment model
with linear absorption and
linear elimination

* 5 parameters:

Volume V
Clearance Cl
Absorption rate ka
Dose fraction F,

Duration D/ Time lag
Tlag

Time Lag Ty,

Zero order input

Dose fraction F,
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First order input

Dose fraction (1-F,)

Absorption rate
constant ka

Central Compartment

Volume V

Clearance Cl

Elimination

Concentration (ng/ml)

=]

W
(@]
1

201

Dose (mg)
- 150
=+ 100
0 25 50 75 100 125
Time (days)
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Mathematical
model \

First order input

« One compartment model
with linear absorption and
\

linear elimination
‘---_\

* 5 parameters:

\\
+ VolumeV RN
« Clearance Cl| N
N

« Absorption rate ka

Absorption rate

. Input Duration D
* Dose fraction F, . . constant ka
« Duration D/ Time lag -

Tlag Zero order input Central Compartment

subject variability

Volume V

Clearance Cl
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Simulating PK
orofiles \

« Reference product
given to 25 virtual
individuals based on
the USA population

« Each individual has a
unigue age, BMI,
height and ethnicity,
giving them a unigue
set of PK parameters

SED/

Pharmaceutical Development Services

Concentration (ng/ml)

Paliperidone Palmitate popPK simulation
Dose 150 mg given on days 1,8,36,64,92
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Simulating PK
orofiles \

Paliperidone Palmitate popPK simulation
Dose 150 mg given on days 1,8,36,64,92

+ Reference product 0004 b i | : Individual
given to 25 virtual o | | | I
individuals based on 4001 ’ — %
the USA population ool 7
Each individual has a = : — ™.

T A : / 1 : — 20
unique age, BM|, 3 7 i | | | o
height and ethnicity, FEETI | | | — 2
giving them a unique e [ | | | - i

C N
set of PK parameters 8 | 5 | | .
S 17 | : : : — 13
031 E E E E = Ceomean
011 E E E E I oswal
1 ; 2 % 50 o 78 % 106 120
Time (days)
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Simulating PK
orofiles \

+ Reference product
given to 25 virtual
individuals based on
the USA population

 Each individual has a
unigue age, BMI,
height and ethnicity,
giving them a unigue
set of PK parameters

SED/.

har Services

Concentration (ng/ml)

Paliperidone Palmitate popPK simulation

Dose 150 mg given on days 1,8,36,64,92

100.0 1

40.04

20.04

7.51

351

104

0.34

0.14

[0/ J U U
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1) How to identify bioequivalent LAl products after

multiple dosing ? \

SED’\\ A model integrated pathway to explore
. _ bioequivalence of LAl products
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Multiple-dosing bioequivalence \

Simulate PK profiles of
Compare performance

using appropriate metrics

different products with
multiple-dosing

Determine which products
are bioequivalent

SED \\ A model integrated pathway to explore
. o vt - bioequivalence of LAl products

|||||||||||
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Mathematical
model \

+ Can easily change values
of any of the parameters
(shown in green)

« VolumeV

» Clearance Cli

* Absorption rate ka
* Dose fraction F,

« Duration D/ Time lag
Tog (ONe variable)

First order input

Dose fraction (1-F,)

Time Lag T,
\

Input Duration D,

\-~__\

N

Absorption rate
constant ka

Zero order input

Central Compartment

* Both zero-order input and
first order input are NOIEN

controlled by one
parameter F,

SED’\\ A model integrated pathway to explore
. o vt bioequivalence of LAl products
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Elimination
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Simple cross-over
study \

Paliperidone Palmitate popPK simulation
Dose 150 mg given on days 1,8,36,64,92

« Same individuals given 10001
both reference and
test 1 products

« Test1has80% Ka 2007

40.04

Product
value of reference = | | — Reference
S 7] , : : : — Test]
< 1 1 1 1
1 1 1 1
[
S 354 i i i i
"r"U 1 1 1 1
— ] ] ] 1
E \ \ \ \ = Geomean
@) 1 1 1 1
O 1 1 1 1
[
S o] | | | |
@) ' 1 1 1 1
i i i i I oswal
] ] ] 1
1 1 1 1
: : : :
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| | | |
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1 1 ] ] ]
01- : : : : !
1 1 ] ] 1
} } T } T } T | T T
1 8 22 36 50 64 78 92 106 120
Time (days)
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Simple cross-over
study \

« Same individuals given
both reference and
test 2 products

e Test2 has150% F2
value of reference

Phar

Services

Concentration (ng/ml)

Paliperidone Palmitate popPK simulation
Dose 150 mg given on days 1,8,36,64,92
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Comparing
oroducts \

AUC

Cmin

Cmax

106 120

106 120

64

50

106 120

(Jlw/Bu) uonenussuod

Craxs Crmin @and AUC

Standard metrics of
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Comparing
oroducts \
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Comparing
oroducts \

« Bioeqguivalence ratio of
test/reference
between (0.8, 1.25)

* Point ratios have been
used for simplicity (i.e.
no Cl, but analysis can
be extended)

« Test1is bioequivalent

« Test2isnot
bioequivalent

1.6

Bioequivalence Ratio

©
to

Test 1: Ka is 80% of reference

Test 2: F2 is 150% of reference

—
)
1

SED’\\ A model integrated pathway to explore
biocequivalence of LAl products

Pharmaceutical Development Services

Test 1 Test 2
1.58
1.39
1.09 Product
1.06 1.06 1.06 108 1.07

I I I
. Test 2

Crnax Cmin AUC  AUCOt3 AUC 0128 AUC. ss Cmax Cmin AUC  AUCOt3 AUCOt28 AUC.ss

Metric
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Mathematical
model \

« Can easily change
values of any of the
parameters (shown in
green)

Volume V
Clearance Cl
Absorption rate ka
Dose fraction F,

Duration D/ Time
lag Ty, (ONe
variable)

« Both zero-order input
and first order input
are controlled by one
parameter F,

Services

First order input

Dose fraction (1-F,)

Time Lag T,
\

\_--—\

N

Input Duration D,

Zero order input

Dose fraction F,

SED’\\ A model integrated pathway to explore
. o vt bioequivalence of LAl products

Absorption rate
constant ka

Central Compartment

Volume V

Clearance Cl

Elimination
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Mathematical
model \

First order input

Clearance (Cl) are

properties of the drug
(blue) .

\-~__\

T~
All other parameters are \.Zx_,
propertles of the Inout Duration D Absorption rate
formulation (green) nputBuration &, constant ka
Zero order input Central Compartment

Test different products :
with different i, T,,q, ka Volume V
values

Elimination

SED’\\ A model integrated pathway to explore .
- ical Devel bioequivalence of LAl products
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Paliperidone Palmitate popPK simulation

S i m p | e C rOSS— Ove r Dose 150 mlg given on days 1,8,36,64,92
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Comparing
oroducts \

Bioequivalence parameter space for Cmax | Tlag = 100 %

2001
« 9206l different product
combinations (each
shown by a grey dot)
. .. 1501
« 25individuals, who
have 3 clinical studies 5
>
of each product S
5
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Comyparing products

: : _ N
Bioequivalence parameter space for Cmax | Tlag =100 % Bioequivalence parameter space for Crmin | Tlag =100 %
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Comparing
oroducts \

Bioequivalence parameter space overlap | Tlag = 100 %

2001

« 9206l different product
combinations (each
shown by a grey dot)

1501

« 25individuals, who
have 3 clinical studies
of each product

1001

e Qver ¥2 million
simulations

Percentage of F2 value
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0 50 100 150 200
Percentage of Ka value
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Comparing
oroducts \

Bioequivalence parameter space | Tlag = 100 %
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( : O m p a r i n g Bioequivalence pararmeter space for AUC O to 3 days | Tlag =100 % Bioequivalence parameter space for AUC O to 28 days | Tlag =100 %
200 200

00

« 9206l different product
combinations (each
shown by a grey dot)
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of each product
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Comparing
oroducts \

Bioequivalence parameter space overlap | Tlag =100 %

2001

« 9206l different product
combinations (each
shown by a grey dot)

1501

« 25individuals, who
have 3 clinical studies
of each product

1001

e Qver ¥2 million
simulations

Percentage of F2 value

501

0 50 100 150 200
Percentage of Ka value
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Comparing
oroducts \

Bioequivalence parameter space | Tlag = 100 %
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Comparing
oroducts \

Bioequivalence parameter space | Tlag = 100 %
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Comparing
oroducts \

15

F2 percentage

« 9206l different product
combinations (each
shown by a grey dot)

0s

« 25individuals, who
have 3 clinical studies

of each product 1

Tlag percentage

« QOver ¥2 million 1
simulations 05

KA percentage 0 Bioequivalence parameter space | Ka =100 %

Percentage of Tlag value

100
Percentage of F2 value
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Comparing
oroducts \

Bioequivalence parameter space | Tlag = 100 %
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Comparing
oroducts \

Bioequivalence parameter space | Tlag = 100 %
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Comparing
oroducts \

Paliperidone Palmitate popPK simulation
Dose 150 mg given on days 1,8,36,64,92

« Compare ool b ] i i i
bioequivalent and | b : i i
non-equivalent P R : : '
rofiles :
p 20.01 | Product
— E = Reference
E i \ i = Test ]
g 727 : ! 1 : : e Test 2
= : : : : :
B 351 ' i i i i
% E E E E = Geomean
[ 1 1 1 1
@] 1 1 1 1
O 104 : : | :
: : : : I oswal
of 1 | | |
014 : : : | !
1I : 2 = 50 = 78 - 106 120
Time (days)
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1) Multiple-dose bioequivalence: What have we learnt? \

Population PK modelling has allowed us to

 Simulate PK profiles for different products

« Examine how the choice of BE metrics affects which products are

considered bioeguivalent

« Discover a range of products (formulation parameter space) which

are bioequivalent after multiple-doses

SED’\\ A model integrated pathway to explore
. _ bioequivalence of LAl products
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2) Do we need multiple doses? \

SED’\\ A model integrated pathway to explore \ 38
biocequivalence of LAl products
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Single-dose bioequivalence \

Simulate PK profile of Determine what criteria
Compare performance :
recovers multiple-dose

using appropriate metrics : :
& approp bioequivalent products

different products with
single dosing

SED \\ A model integrated pathway to explore -
. o vt - bioequivalence of LAl products
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Comparing
oroducts \

Paliperidone Palmitate popPK simulation
Dose 150 mg given on days 1

100.0 1 T
« 1681 different product |
combinations 4001 !
« 25individuals, each 2001 |
receiving 3 schedules | Product
of single-dose = 7 ! — Reference
.. . £ i = Test]
administration of each . | s
product 5 |
g 104 ! = Ceomean
]
C
o
O
031 I oswal
0.11

Time (days)
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Comparing
oroducts \

Test 1 Test 2

175
« What is the necessary

bioequivalent ratio?

1501
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o 1251
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@« .
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o

@ 1.00
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m

0754

0504

Crmax cmin AUC AUC_Ot3 Cmax cmin AUC AUC_Ot3
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Comparing
oroducts \

Test 2

Test 1
« What is the necessary 7
bioequivalent ratio?
« Forillustration, A'is 1501
symmetric l]_ 2 (A:O 2)
;’_j‘% 125
§ _1-07 1.04
g 1 [
% 1.00 -
S N
TO.S (A=0.2)
0504

Product

. Test1
. Test 2

Crmax cmin AUC AUC_Ot3

Cmax cmin AUC AUC_Ot3

Metric

A model integrated pathway to explore
bioequivalence of LAl products
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Comparing
oroducts \

Test 1 Test 2
. 175 1
« What is the necessary
bioequivalent ratio?
e Forillustration, Ais 01
symmetric
R
1.1 (A=0.1)
§ Product
% ____________________________________________________ . Test 1
% . Test 2
glOO 1
jel
m
To 9 (A=0.1)
0504
Crmax Cmin AUC AUC_0t3 Crnax Cmin AUC AUC Ot3
Metric
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Comparing
oroducts \

1757

« What is the necessary
bioequivalent ratio?

e Forillustration, Ais 01
symmetric
R
& 1251
g
o
Q
2
3
gW.OO-
jel
m

0757

0504

SED/

Phar Services

AUC 013

AUC_Ot3

Metric

A model integrated pathway to explore
bioequivalence of LAl products

BE ratio A
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Comparing
oroducts \

200

« 1681 different product
combinations
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Comparing
oroducts \

200

« 1681 different product
combinations

150

 25individuals, who
have 3 clinical studies
of each product

100

Percentage of F2 value

50

0 50 100 150 200
Percentage of Ka value

SED’\ A model integrated pathway to explore
biocequivalence of LAl products
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Comparing Multiple-dose BE
oroducts \

200

« 1681 different product
combinations

1501

« 25individuals, who
have 3 clinical studies
of each product

e A=02

1001

* Single dose studies are
more sensitive than
mMultiple dose studies

Percentage of F2 value

501

0 50 100 150 20¢
Percentage of Ka value

Single-dose BE

SED’\ A model integrated pathway to explore 47
- biocequivalence of LAl products

Pharmaceu tical Development Services



Comyparing products
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Comparing products \

200

150 1

1001

Percentage of F2 value

504
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2) Single dose bioequivalence: What have we learnt? \

Population PK modelling has allowed us to

« Determine a criteria on single dose studies that gives products

which are multiple-dose bioequivalent

SED’\\ A model integrated pathway to explore \ 50
) — biocequivalence of LAl products
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3) How does this modelling integrate into product

development and testing? \
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Modelling & LAl product development \

Bioequivalence parameter space | Tlag =100 %

200

150

o
a

50

centage of F2 value

Percentage of Ka value

Cuide product INntegrate with
development bioequivalence assessment
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Guide product development \

40+

30+

= Reference

201

. BE profiles

Amount Released (%)

101

Time (days)
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Modelling & LAl product development \

Bioequivalence parameter space | Tlag =100 %

INntegrate with

biocequivalence assessment

SED’\\ A model integrated pathway to explore Lo
N S bioequivalence of LAl products
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BE Study \

Obtain PK profiles

from N individuals

for the Reference
product

Calculate metrics

Obtain PK profiles
from N individuals
for the Test
product

Compare metric
ratios

Reformulate
or stop

Bioequivalent

SED \\ A model integrated pathway to explore
. o vt - bioequivalence of LAl products
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Comparing
oroducts \

Reference Test1
« PKdatafrom a virtual 801
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Comparing
oroducts \

« PKdata from a virtual
population of 50
individuals (based on
USA census)

* Virtual crossover study,
with each individual
receiving a single dose
of Reference & Test |

SED/

Pharmaceutical Development Services
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Comparing
oroducts \

« PKdata from a virtual
population of 50
individuals (based on
USA census)

* Virtual crossover study,
with each individual
receiving a single dose
of Reference & Test |

« Calculate PK metrics
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> .
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s . . *. 3 !
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Comparing S
products\ » Need for each individual to take
2 products (Cross-over study)
+  PKdata from a virtual R T (PR T « High inter-individual and inter-
POBUIEHRMN &1 50 O T AR I occasion variability
individuals (based on ‘ij; RN 5 ! m, REINNRE
USA census) ° ]
 Virtual crossover studly, —
with each individual e e A
receiving a single dose
of Reference & Test |
« Calculate PK metrics . N
E BE ratio A
gm 1.01 1 -- 02
5 o
% Product
g .Tesﬂ
O 09+
m
g rr
AUC AUC_Ot3 Crnax Crnin
Metric
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BE Study \

Obtain PK profiles

from N individuals

for the Reference
product

Calculate metrics

Obtain PK profiles
from N individuals
for the Test
product

Compare metric
ratios

Reformulate
OR full BE
study

Bioequivalent

SED \\ A model integrated pathway to explore
. o vt - bioequivalence of LAl products
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Model integrated BE Study \

Obtain PK profiles
from N individuals Fit population PK Is product ‘model’

: , Bioequivalent
for the Test model bioequivalent? <

product

Bioequivalence parameter space | Tlag =100 %

150

Reformulate

ntage of F2 value

OR full BE
e D e e EMID S B e B study

Perce

o 50 100 150 200
Percentage of Ka value
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Individual 5 Individual 22

Model-integrated : =
comparison \
« PKdata from a virtual 207

population of 50
individuals (based on
USA census)

Product

* Virtual crossover study,
with each individual
receiving a single dose
of Test 2

@ Testl

Concentration (ng/ml)

0 10 20 0 10 20
Time (days)
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Individual 5 Individual 22

Model-integrated : 2
comparison \ TS

,/ \\
« PKdata from a virtual /. \

population of 50
individuals (based on
USA census)

201 Model Prediction

= |ndividual

= Population

* Virtual crossover study,
with each individual
receiving a single dose
of Test 1

Product

Concentration (ng/ml)

@ Test]

« Population PK model
fitted to the data

0 10 20 0 10 20
Time (days)

Model parameters
Ka = 45E-4 (1/hr) (79%)
F2 =0.179 (107%)
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Model-integrated

comparison \ Parameters
determined
_ from PopPK

« PKdatafrom a virtual 150 model fit

population of 50
individuals (based on
USA census)

1001

* Virtual crossover study,
with each individual
receiving a single dose
of Test 1

Percentage of F2 value

501

« Population PK model
fitted to the data

Known

parameters for
formulation

0 50 100
Percentage of Ka value

Model parameters
Ka = 45E-4 (1/hr) (79%)
F2 =0.179 (107%)
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200

Model-integrated

comparison \ Parameters
determined
_ from PopPK

« PKdatafrom a virtual 1507 model fit

population of 50
individuals (based on
USA census)

1001

* Virtual crossover study,
with each individual
receiving a single dose
of Test 1

Percentage of F2 value

501

« Population PK model
fitted to the data

Fit confidence
INnterval

Known
parameters for
formulation

0 50 100
Percentage of Ka value

Model parameters
Ka = 45E-4 (1/hr) (79%)
F2 =0.179 (107%)
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Model-integrated

comparison \ Parameters
determined
_ from PopPK

« PKdatafrom a virtual 150 model fit

population of 50

Product

individuals (based on @ reterence
USA census) 8““

1001

* Virtual crossover study,
with each individual
receiving a single dose
of all products

@® Apriori known
@ Model Fit

Percentage of F2 value

501

« Population PK model
fitted to the data Known
parameters for

formulation

0 50 100 150 200
Percentage of Ka value
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Model-integrated
comparison \

601

« PKdata from a virtual
population of 50
individuals (based on
USA census)

Product
Test 3

401
* Virtual crossover study,
with each individual
receiving a single dose | |
Of TeSt 3 204 Fit 95% Quantiles

= Fit Geomean

Concentration (ng/ml)

e Formulation
parameters of Test 3
are unknown

« Population PK model |
fitted to the data Time (days)
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Model-integrated
comparison \

« PKdata from a virtual 1501 D o
population of 50 Product
individuals (based on E @ rererence
USA census) § 8 o

« Virtual crossover study, E-jvm' et
with each individual §
receiving a single dose g @ Aprior known

@ Model Fit

of all products
501

« Population PK model
fitted to the data

0 50 100 150 200
Percentage of Ka value
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Model-integrated
comparison \

DDDDDDD

Reference
@ e
@ Test2
Test3
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SED’\\ A model integrated pathway to explore
o o _ biocequivalence of LAl products
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Removes need to trial both reference
and test products, making clinical trials
more streamlined

Models allow both inter-individual and
INnter-occasion variability to be
accounted for
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The power of models \

FDA approved LAI products

Both
Mode
‘ . None
PopPK ‘, @ rerx

Generic
PBPK -

None . e

1980 1990 2000 2010 2020
Year
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Conclusion \

 Determine a range of products which are bioequivalent after

mMultiple dosing

« Determine what criteria can be used to recover bioeqguivalent

oroducts after only a single dose

 Create an integrated process with a PK study to prove BE with lower

iINnherent risk

SED’\\ A model integrated pathway to explore \ 71
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